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Titre de la thèse: Plasmonic Biosensors based on core-shell SiO2@Au nanoparticles 
Description du projet : Biosensors are now part of the daily routine of people. These analytical 
devices enable detecting a target, specifically and rapidly, even at trace amounts and even in a complex 
environment. They are most commonly used in the healthcare sector but there are increasing emerging 
needs in analyzing people’s surrounding media. We envision in this project an efficient colorimetric 
biosensor for life style monitoring including detection of toxins and antibiotics in water and food. 
The proposed colorimetric assay will be achieved using colloidal gold nanoparticles (AuNPs). The 
optical properties of AuNPs enable their use for colorimetric transduction/reporting of molecular 
interactions/recognition events simply by standard UV-Vis spectrometer or even by the naked eye. This 
property is due to the localized surface plasmon resonance (LSPR) band which shape and position are 
intimately related to local changes in refractive index and the aggregation/dispersion state of the 
particles. Although spherical nanoparticles are well-suited as colorimetric transducers in several 
applications, non spherical particles are preferred as tranducing agents as they offer a broader spectral 
domain with higher absorption coefficient. When the application requires non spherical nanoparticles, 
the most-successful methods for size and shape control rely on the use of cationic surfactant 
cetyltrimethylammonium bromide (CTAB) as the “shape-inducing” agent. Substituting CTAB native 
functional layer with a tightly bound and well-defined capping layer endows nanoparticles with a broad 
range of surface functionalities mandatory for their use in biosensing as this application requires the 
controlled immobilization of the bioreceptor on their surface. However, the strong binding of CTAB to 
the gold nanoparticle surface makes its displacement by thiol or amine terminated silanes difficult 
especially at the flat sides of the nanorods. This complexity makes the silica capping of nanorods 
interesting as this would allow the use of the silica surface chemistry for further tethering. Very few 
methods are described for a controlled and homogeneous silica coating CTAB-stabilized gold 
nanorods. In this project we envision original chemical methods for endowing nanorods by a 
homogeneous silica layer which thickness will be optimized in relation to the plasmonic signature. The 
resulting core-shell materials will be subsequently used as colorimetric transducers for toxin and or 
antibiotic detection using antibodies or aptamers. Several scenarios of detection will be investigated, 
operating either in direct or competitive formats. 
The first part of the work will be focused on the optimization of silica capping using microwaves 
and/or hydrothermal synthesis. The so-generated core-shell nanorods will be deeply characterized using 
UV-Visible spectroscopy, Raman scattering, zeta-potential and dynamic light scattering measurements 
and transition electron microscopy. These characterizations will be used to establish the optimal 
thickness of silica layer to be used for biosensing. The second part of the work will be devoted to the 
controlled grafting of the bioreceptor or the target on the core-shell nanorods. This includes silane 
grafting on silica layer and further anchoring of the biological component. The characterization 
techniques mentioned above will be employed to validate the functionalization strategy. The last part 
will be devoted to biosensing assays using LSPR detection together with surface-based technique such 
as Quartz Crystal Microbalance and Surface IR. 


